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Signals subjected to orthogonal modulation 


of a baseband signal to be inputted to a filter is sup- 



with a plurality of carrier frequencies are added to detect 
peak power. Based on the peak power, a coefficient for 
suppressing an amplilude of a transmission baseband 
signal is calculated. Using the coefficient, the amplitude 
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pressed. It is thereby possible to suppress the peak 
power assuredly, and by the effects of the filter, unnec- 
essary frequencies are not generated. 
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Description 

Technical Field 

5 [0001] The present invention relates to a transmission apparatus for transmitting a signal with a plurality of career 
frequencies. 

Background Art 

10 [0002] A conventional communication apparatus, more particularly, a transmission apparatus is explained using 
Japanese Unexamined Patent Publication HE 18-274734. FIG.1 is a block diagram illustrating a configuration of the con- 
ventional transmission apparatus In a radio communication apparatus with the above configuration, input modulated 
signals input from input terminals 11 1 to 11 „ are respectively subjected to frequency conversion to be with different fre- 
quency bands to each other in frequency conversion sections 12^ to 12^. The converted outputs are provided to power 

15 combining section 16 through respective variable attenuators 21 ^ to 21 „ to be signal-multiplexed, and the multiplexed 
signal is output. A part of the multiplexed output is branched, and an envelope power level is detected at level detection 
section 23. When the detected level L exceeds level Ls which is k times (k is about 4 to 5) the average power level of 
the multiplexed signal, control section 24 controls attenuators 21 1 to 21n to attenuate the average power level of the 
modulated signal power to be less than k/n time the average power level for about 1/AFo (sec) (Fo is a frequency of a 

20 band width of the multiplexed signal). 

[0003] However, there are two problems described below in the conventional technology. 

[0004] Rrst, in the conventional technology, since an attenuation amount is determined based on the power level 
combined in the power combining section, the problem occurs that a transmission signal is output from the power com- 
bining section while the level detection section, the control section and attenuation sections are executing the process- 
es ing. Therefore, it is necessary to configure an amplifier, which is provided at a latter part in the configuration, in such a 
manner that distortions are not generated therein even when a large peak power level is inputted thereto. Generally, the 
amplifier configured in such the manner has a large scale and large heating value, and a high price. 
[0005] In addition, the conventional technology is considered to employ FSK signals as transmission signals. The 
FSK modulated signals have a single frequency during a symbol time. The frequency for the symbol normally ranges 
30 from several kHz to several hundreds kHz, which is a very long time with respect to the time IMFo for the attenuation 
described in this specification. Accordingly, the conventional technology adequately functions even when a response 
rate to the attenuation is slow to some degree. 

[0006] However, in a PSK modulation system and a QAM modulation system, amplitudes and phases vary even 
during the syTT±>ol time. The rate for such variations is almost equal to the rate for the variations for power addition 
35 results. Accordingly, in the case where the response rate to the attenuation is slow, the suppression for the peak power 
level is not performed in time, and the power level attenuates at the time the power addition result does not exceed an 
expected level. 

Disclosure of Invention 

40 

[0007] An object of the presem invention is to provide a transmission apparatus capable of attenuating a peak 
power level prior to the signal output, without needing an anrplif ier configured in such a manner that distortions are not 
generated therein even when a large peak power level is irputted thereto. 

[0008] The object is achieved by a transmission apparatus for [performing an orthogonal modulation with a plurality 
45 of carrier frequencies, adding modulated signals to detect a peak power level, based on the peak power level, calculat- 
ing a coefficient for suppressing an amplitude of a trarsmission baseband signal, and using the coefficient suppressing 
the amplitude of the baseband signal to be inputted to a band pass fitter. K is thus possible to suppress the peak power 
level assuredly, and unnecessary frequencies are generated by effects of the band pass filter. 

50 Brief Description of Drawings 

[0009] 

FIG.1 is a block diagram illustrating a configuration of a conventional radio communication apparatus; 
55 FIG.2 is a block diagram illustrating a configuration of a radio communication apparatus according to a first embod- 
iment of the present invention; 

FIG.3 is a diagram illustrating orthogonal modulated signals on a frequency axis in the radio communication appa- 
ratus according to the above emtxxliment; 
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FIG.4 is a block diagram of a peak power detection circuit in the radio communication apparatus according to the 
above embodiment: 

FIG.5 Is an explanatory diagram for an approximate expression in the radio communication apparatus according to 
the above embodiment; 

5 FIG. 6 is a block diagram illustrating a configuration of a radio communication apparatus according to a second 

embodiment: 

FIG. 7 is an explanatory diagram for power of a modulated signal in the radio communication apparatus according 
to the above embodiment; 

FIG.8 is a block diagram illustrating a configuration of a radio communication apparatus according to a third embod- 
10 iment; 

FIG.9 is a block diagram illustrating a configuration of a radio communication apparatus according to a fourth 
embodiment: and 

FIG. 10 is a diagram illustrating orthogonal modulated signals on a frequency axis in the radio communication appa- 
ratus according to the above embodiment. 

15 

Best Mode for Carrying Out the Invention 

[0010] Embodiments of the present invention are explained specifically below with reference to accompanying 
drawings. 

20 

(First embodiment) 

[001 1 ] FIG. 2 is a block diagram illustrating a configuration of a transmission apparatus according to the first embod- 
iment of the present invention. The transmission apparatus employs a peak power reduction method in a multicanier 

25 frequency amplification system. 

[0012] Delay circuits 101 and 102 delay modulated baseband signals to be transmitted with carrier frequency fl. 
Similarly, delay circuits 1 03 and 104 delay modulated baseband signals to be transmitted with carrier frequency f2. The 
delay time is set to correspond to a time required by the processing for calculating a correction coefficient to suppress 
a peak power level of combined power. In addition, when the calculation time for the correction coefficient is adequately 

30 fast. It is not necessary to adjust the time in the delay circuits. 

[001 3] The amplitude of each delayed signal is corrected respectively in correction circuits 105 to 1 08. The correc- 
tion processing is explained later. The signals with a con-ected amplitude are subjected to band pass processing in fil- 
ters 109 to 1 12 respectively The signals subjected to the band pass processing in filters 109 to 1 12 are converted into 
analog signals in D/A converters 1 13 to 1 16 respectively. Next, components of refrain frequency of converted analog 

35 signals are eliminated in LPF 1 1 7 to 120 respectively. 

[0014] Orthogonal modulator 121 converts the frequency of a baseband signal to be fransmitted with carrier fre- 
quency f1 to can^ier frequency f1. Similarly, orthogonal modulator 122 converts the frequency of a baseband signal to 
be transmitted with carrier frequency f2 into carrier frequency f2. Thereafter, power combining section 1 23 combines 
the signal with carrier frequency f1 and the signal with carrier frequency f2. For example, in the case where the com- 

40 bined result is used in a radio communication apparatus, the result is amplified in an amplifier, and transmitted from an 
antenna. In the case where the combined result is used in a cable communication apparatus, the result is amplified in 
an amplifier, and transmitted through a cable. The frequency of the combined result may be further converted into a 
higher frequency. 

[001 5] In the case where a difference between the average power level and the peak power level is large in the 
45 power of the power-combined result, an amplifier with a wide dynamic range for the average power level is necessary. 
Accordingly, it is necessary to suppress the peak power level. 
[001 6) The suppression of the peak power level is explained below. 

[001 7] First, the peak power level detection method is explained. RKers 124 to 127 subject transmission baseband 
signals to filtering. As the filters 124 to 127, the same filters as filters 109 to 1 12 are used in the case where the f>©ak 

50 level detection is performed precisely However, for the purpose of reducing a calculation amount in the case where the 
filter is achieved by software processing, or that of reducing a circuit scale in the case where the fitter is achieved by 
hardware processing, it may possible to replace the fitters 124 to 127 with filters with almost the same frequency char- 
acteristics and having a shorter tap length as compared to the filters 109 to 1 12. It is thus possble to reduce a calcula- 
tion scale or circuit scale in a peak power calculation circuit. 

55 [0018] Orthogonal modulators 128 and 129 subject the filter processed outputs to the orthogonal modulation. 
Although the orthogonal modulators are achieved by either of an analog circuit or a digital circuit the digital circuit is 
used to achieve because it is preferable to execute correction coefficient detection processing with digital processing. 
FIG.2 illustrates the case where the orthogonal modulators are achieved by the digital circuit. In the case where the 



3 
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analog circuit is used to achieve, a D/A converter and LPF are needed. 

(001 9] tn the case where the orthogonal modulation is executed by digital signal processing, the modulated base- 
band signal is subjected to the orthogonal modulation with a center frequency of GHz. For example, in the case where 
transmission is performed using carrier frequency f1 and earner frequency f2, the signal to be transmitted with can-ier 

5 frequency f 1 is subjected to the orthogonal modulation with a frequency of -(f2-f 1)/2 , and the signal to be transmitted 
with the carrier frequency f2 is subjected to the orthogonal n>odulation with a frequency of +(f2-f 1)/2 . 
[0020] Then, adder 1 30 adds an l-ch component of the signal obtained by subjecting the modulated baseband sig- 
nal for carrier frequency f 1 to the orthogonal modulation, and that of the signal obtained by subjecting the modulated 
baseband signal for carrier frequency f2 to the orthogonal modulation. Adder 131 adds a Q-ch conrponent of the signal 

10 obtained by subjecting the modulated baseband signal for carrier frequency f 1 to the orthogonal modulation, and that 
of the signal obtained by subjecting the modulated baseband signal for canrier frequency f2 to the orthogonal modula- 
tion. FIG.3 illustrates operations for the orthogonal modulation processing on a frequency £uis. 
[0021 ] In addition, in this embodiment, since it is possible to execute the orthogonal modulation by the digital signal 
processing, the orthogonal modulation can be executed with low carrier frequencies. In the peak power detection, there 

15 is no difference between a signal with zerolF (intermediate frequency of zero) and a signal with a low earner frequency, 
it is preferable to process with the zerolF. It is thereby possible to make the sampling frequency in the digital circuit the 
smallest one. In addition, it is possible to reduce the number of D/A converters for outputting the IF-frequency to 1 , and 
further to reduce an analog orthogonal modulation circuit. 

[0022] Next, peak power detection circuit 1 32 detects a peak power level exceeding a threshold level with respect 
20 to results obtained by executing the orthogonal modulation. FIG.4 illustrates an example of the peak power detection 
circuit. Square circuit 301 calculates the square of the l-ch component, and square circuit 302 calculates the square of 
the Q-ch component. Addition circuit 303 adds respective results. The added power level is a power level of the result- 
ant signal obtained by adding orthogonal-modulated signals. Further, comparison circuit 304 compares the added 
power level to the threshold level, and provides the compared result to correction coefficient calculation circuit 133 with 
2S a peak power detection flag when the added power level is larger than the threshold level. Comparison circuit 304 con- 
currently calculates a target level 6 to be corrected to provide also to correction coefTicient calculation circuit 133. The 
target level 6 is calculated by subtracting the threshold level from the detected power level as shown in the following 
equation 1 : 

6 = z^(0-r/7 Equation 1 

where z^X) is a power level of the resultant signal obtained by subjecting the signals with the multicarrier frequency to 
the orthogonal modulation. 

[0023] Secondly, the correction coefficient calculation method is explained. The correction of the peak power level 
35 is executed by murtiplying an amplitude of a signal to be inputted to the filter by a. Considered herein is the case where 
the filter is achieved with a FIR filter. When an input signal with the tap number n is muttiplied by a, each of signals 
becomes axi,(t), axiQ(t), axg^t) or oxgoCt). where x(t) denotes a modulated baseband signal, the first number of the 
subscript denotes the carrier frequency number, and the last number of the subscript denotes l-ch or Q-ch. 
[0024] A FIR-filter output signal obtained by multiplying the signal with the tap nunnber n by a is as shown in the 
40 following equation 2: 

N^^ 

yV) = J^{h{Ox(t-n-^)+{a-A)h{n)x[t-nT^y\ Equation2 
/»o 

=y(0+(a-1)/7(/7)x(f-nrj 



where the equation is represented without subscript nunrtbers. and hQdenotes the tap coeffident. Ts denotes a sam- 
pling rate, and yQ denotes the f nter output. When a = 1 , the filter output is the same as the result obtained with no cor- 
rection. When the signals represented with the equation 2 are each subjected to the orthogonal modulation, and then 
added, the result is as shown in the following equations 3 to 5: 



55 
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^ ^ ' ' ^ Equation 3 



= (0 + (a - I )h{n)Y[x^ {t - /iT, ) cos <o,t'X^{t- nT, ) sin a>,/] 
= z,(0 + (a:-l)A(n)X,(n,r) 

Equation 4 



TO 



15 



20 



jr-i , 



^5 = (0 + (a - )X 1^1/ - nr, ) sin ru^ t + (f - nT, ) cos fl>, f ] 

30 Equation 5 

where K is the number of carrier frequencies, and g)^ is an angular velocity with the carrier frequency number k. 
[0025] The equation 3 has a value obtained by subtracting the correction target level 6 from power level z^(t) before 
35 being corrected, and is modified as shown in the following equation 6: 



2A(/0(a-I){z,(/)^,(,i,/)+2^(;)A'^(„,,)} 
= //i 



Equation 6 



45 

[0026] With the atxjve equation 6. the equation for calculating the correction coefficient a Is introduced. The calcu- 
lated result is shown in the following equation 7: 



^_ Un^)(-^±J^-X\n^){zhtymv^hn.t)) Equation? 
where p (n. t) is as shown in the following equation 8: 



^(n.,) = z,(OX,(n.o + ^„(r)X„(«.0 Equation a 
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[0027] The content of the square root is approximated by series expansion, and substituted into the equation 8. and 
then the following equation 9 is obtained: 



Such an approxinnation is effective in a range of the following equation 10, as illustrated in FIG.5: 

-0.5<-X^{n,t){z''[t)-th]/^\n,0 Equation 10 

[0028] It is thus clarified that the correction coefficient a can be calculated from the tap coeffiderrt h(n) with the tap 
number n, l-ch and Q-ch components of the resultant signal obtained by combining multicarreir-frequency signals 
(2|(n.t) and ZQ(n.t) in the equation) and l-ch and Q-ch components of the signal obtained by adding the modulated base- 
band signals, with the tap number n. subjected to the orthogonal modulation (X|(n,t) and XQ(n.t) in the equation). The 
signal with the tap number n is corrected by being multiplied by a, using the correction coefficient a calculated with the 
equation 7 or 9. 

[0029] Considered as seiection methods for the above-mentioned tap number are as follows: 
[0030] When the correction coefficient is a value close to zero, since the transmission signal at that time is made 
almost zero, it is preferable that the coefficient comes close to 1 as possible. It is noticed that as tap coefficient h(n) in 
the denominator in the equation 9 becomes larger, the correction coefficient comes close to 1. Accordingly, the first 
selection method for the tap number is a method for selecting a center tap number which has the largest tap coefficient. 
It is further noticed that as the denominator in the equation 9 becomes larger, the correction coefficient comes close to 
1 . Accordingly, the second method for the tap number is a method for calculating the denominator and selecting a tap 
coefficient for the largest denominator. 

[0031 1 Thirdly, the following description explains about the correction. In the correction, an input signal at time t is 
multiplied by a using correction coefficient a calculated in correction coefficient calculation drcuit 133. 
[0032] According to the above-mentioned procesang, it is possible to make the power subjected to multican-ier 
combining smaller than the threshold level. Since it is thus possible to con-ect the peak power level prior to the power 
combining when the peak power level exceeds the predetermined level, it is possible to attenuate the peak power prior 
to the signal output, thereby enabling no use of the amplifier configured in such a manner that distortions are not gen- 
erated therein when a large peak power level is inputted thereto. 

[0033] By thus correcting the transmission signal with the largest tap coefficient of the filter, the amplitude of a sig- 
nal which is not inputted to the filter yet is corrected, thereby preventing unnecessary frequency components from being 
generated by the amplitude correction. Further, it is possible to cortfigure the circuits concerning the relationship 
between the orthogonal modulation and power addition for the transmission, and the orthogonal modulation and power 
addition for the power calculation with no deterioration factors by an analog circuit. Furthermore, it is possible to make 
the sampling frequency the smallest. 

[0034] In addition, in the transmission apparatus in this embodiment, by correcting the amplitude of the signal to be 
inputted to the filter, it is guaranteed that the con-ection of the amplitude does not provide adverse effects on frequen- 
cies. For example, the apparatus does not provide adverse effects on neighboring channel leak power and spurious 
power radiation which are essential as performance of a radio apparatus. 

(Second embodiment) 



[0035] FIG. 6 is a block diagram illustrating a configuration of a transmission apparatus according to the second 
embodiment. In the transmission apparatus illustrated in FIG.6. filters in a peak level con-ection part in the transmission 
apparatus illusti-ated in FIG.2 are eliminated. When the filters are used, an adder is generally needed, and as a result, 
the circuit scale becomes large. Therefore, in the second embodiment the peak power level is calculated witti the band 
pass processing not executed. In addrtion. in FIG-6, the same sections as in FIG-S are given the same symbols as in 
FIG.2 to omit explanations thereof. 

[0036] In the case where the peak power level is detected wHh the band pass processing not executed, following 
problems are considered. In the PSK and QAM nrxxJulation systems, the peak power is generated between symbol 
points. Therefore, the peak power level calculated at the symbol point is generally higher than the actual peak power 
level. Accordingly, it is necessary to provide a margin to the threshold level 5 explained in the first embodiment so as to 
enable the correspondence to the peak power generated between symbol points. It is necessary to vary the margin for 
fixed envelop modulation systems such as FSK and non-fixed envelop modulation systems such as PSK and QAM. 
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[0037] Operations in the transmission apparatus with the configuration as described above is explained using 
FIG.6. The operations performed by a signal for carrier frequency f 1 and a signal for carrier frequency f2 are conrtbined 
are the same as in the first embodiment, and explanations thereof are omitted. 

[0038] First, the peak power detection method is explained. Orthogonal nrodulators 128 and 129 subject the 
5 modulated baseband signal to the orthogonal modulatioa Although the orthogonal modulators are achieved by either 
of an analog circuit or a digital circuit, the digital circuit is used to achieve because it is preferable to execute correction 
coefficient detection processing with digital processing. FIG.6 illustrates the case where the orthogonal modulators are 
achieved by the digital circuit. In the case where the analog circuit is used to achieve, a D/A converter and LPF are 
needed. 

w [0039] In the case where the orthogonal modulation is executed by digital signal processing, the modulated base- 
band signal is subjected to the orthogonal modulation with a center frequency of OHz. For example, in the case where 
transmission is performed using canrier frequency f1 and carrier frequency f2, the signal to be transmitted with carrier 
frequency fi is subjected to the orthogonal modulation with a frequency of -(f2-f l)/2 , and the signal to be transmitted 
with carrier frequency 12 is subjected to the orthogonal modulation with a frequency of +(f2-f 1)/2 . Then, adder 130 adds 

75 an l-ch component of the signal otrtained by subjecting the modulated baseband signal for carrier frequency fl to the 
orthogonal nnodulation. and that of the signal obtained by subjecting the modulated baseband signal for the can^ier fre- 
quency f2 to the orthogonal modulation. Adder 131 adds a Q-ch component of the signal obtained by subjecting the 
modulated baseband signal for carrier frequency f 1 to the orthogonal modulation, and that of the signal obtained by 
subjecting the modulated baseband signal for carrier frequency f2 to the orthogonal modulation. FIG.3 illustrates oper- 

20 atlons for the orthogonal modulation processing on the frequency axis. 

[0040] In addition, it is possible to execute the orthogonal modulation with a low carrier frequency. However, since 
there Is no difference in the peak power detection between a signal with zerol F and a signal with the low can-ier fre- 
quency, it is preferable to process with the zerol F. 

[0041] Next, peak power detection circuit 132 detects the peak power level exceeding a threshold level with respect 
25 to results obtained by executing the orthogonai modulation. The peak power detection circuit is the same as used in the 
first embodiment. 

[0042] Further, comparison circuit 304 compares the added power level to the threshold level, and provides the 
compared result to correction coefficient calculation circuit 133 with a peak power detection flag when the added power 
level is larger than the threshold level. Conparison circuit 304 concurrently calculates a target level 5 to be corrected to 
30 provide also to correction coefficient calculation circuit 1 33. The target level 6 is calculated by subtracting the threshold 
level from the detected power level. In the fol towing equations. z^Ct) is a power level of the resultant signal obtained by 
subjecting the signals with the multican^ier frequency to the orthogonal modulation. In addition, since the peak power 
level is not measured for an output signal from filters which is actually transmitted, a hat is used to evince an estimated 
level. 



35 



40 



45 



SO 



d = z^{t)-th Equation 11 



Equation 12 



2/ (0 = X l^*' - "T", ) cos Q)^ t - x,^ (f - «r, ) sin 0)^ t] 



' Equation 13 



^ (0 = X l^*/ ( ^ - ) sin Q},i + x,^ {t - nT, ) cos (o^t] 



Equation 14 



55 [0043] As described above, in the case of the peak power measurement method with the interpolation processing 
and filter processing eliminated, as illustrated in FIG.7, it is not possible to measure power level A generated by the 
state transition between synrit>ol paints, and only possit>le to measure power level B at the symbol point. The ratio of the 
power level A{Pp) to the power level B(Pb) varies depending on modulation systems and characteristics of the filter. Fur- 
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ther, the ratio of the power level A to the power level B is Afferent In the case where trananlssion is performed by mul- 
tiplexing spreading codes such as a CDMA communication system. Accordingly, the ratio of the power level A to the 
power level B is measured beforehand by. for example, the simulation so as to correct the threshold level (th). The cor- 
rection method is as shown in the following equation 1 5: 

P 

th'^-~th Equation15 

[0044] Secondly, the correction coefficient calculation method is explained. The con-ection method is calculated In 
the same way as in the first emtHXliment. The following equation 1 6 is obtained by substituting equations 1 3 and 1 4 for 
Z|(t)and ZQ(t) in the equation 6. 

2"(0 = z'(0+/i'(/i)(a-l)'{X/(n./) + :^^^(«.0} 
+ 2/i{/i)(a - 1)^, it)X, (n./) + {t)X^ (n, /)} 

= X H- h\n){a - D'X ^rt.O + 2A(/0(a - I)X '(n, /) 
= f/i 



Ecpiation 16 



[0045] Further, the correction coefficient a is calculated as shown in the following equation 1 7: 

30 „ - ^±Jmfx^ {n,t) 

" ^ h{n) Equation 1 7 

[0046] It is thus clarified that the correction coefficient a is calculated using the tap coefficient h(n) with the tap 
number n and the power level of a signal obtained by adding the modulated baseband signals, with the tap number n, 
subjected to the orthogonal modulation (X^Cn.t) in the equation). Using the correction coefficient a calculated in the 
equation 17, the signal with tap number n is multiplied by a to correct. The selection method for the above-mentioned 
tap number is the same as in the first embodiment. 

[0047] According to the above-mentioned processing, it is possit>le to make the power level subjected to multicar- 
rier combining smaller than the threshold level. It is thus possible to attenuate the peak power prior to the signal output, 
thereby enabling no use of the amplifier configured in such a n^nner that distortions are not generated therein when a 
large peak power level is inputted thereto. Further. In addition to the effects by the first embodiment, it is possible to 
reduce the circuit scale because filters are not used at the side of correction value calculation. 

[0048] In addition, in the transmission apparatus in this embodiment, by correcting the amplitude of the signal to be 
inputted to the filter, it is guaranteed that the correction of the amplitude does not provide adverse effects on frequen- 
cies. For example, the apparatus does not provide adverse effects on neighboring channel leak power and spurious 
power radiation which are essential as performance of a radio apparatus. 

(Third embodiment) 

[0049] FIG. 8 is a block diagram Illustrating a configuration of a transmission apparatus according to the thiid 
embodiment of the present invention. In the transmissbn apparatus illustrated in FIG S, the orthogonal modulation is 
executed for digital signals. In addition. In FIG.8. the same sections as in FIG.2 are given the same symbols as in FIG.2 
to omit explanations thereof. 

[0050) Delay circuits 101 and 102 delay modulated baseband signals to be transmitted with carrier frequency f1. 
Similarly, delay circuits 103 and 104 delay baseband modulated signals to be transmitted with carrier frequency f2. The 
delay time is set to correspond to a time required by the processing for calculating a con-ectton coefficient to suppress 
a peak power level of combined power. In addition, when the calculation time for the correction coefficient is adequately 
fast, it is not necessary to adjust the time in the delay circuits. 
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[0051] The amplitude of each delayed signal is corrected respectively in correction circuits 105 to 108. The correc- 
tion processing is explained later. The signals with a corrected amplitude are subjected to band pass processing in ffl- 
ters 109 to 1 12 respectively. The signals subjected to the band pass processing in fitters 109 to 1 10 are subjected to 
the orthogonal modulation with a frequency of carrier frequency -{f2-f1)y2) in the orthogonal modulation circuit 701. 
5 Further, the signals subjected to the band pass processing in filters 1 1 1 to 1 1 2 are subjected to the orthogonal modu- 
lation with a frequency of carrier frequency +{f2-f1)/2 in orthogonal modulation circuit 702. In addition, it is assumed 
thatf2>fl. 

[0052] Then, adder 703 adds l-ch components of resultant signals respectively subjected to the orthogonal modu- 
lation, and adder 704 adds Q-ch components of resultant signals respectively subjected to the orthogonal modulation, 
to which is the processing for generally generating zerol F signals. In the case where the zerol F is used to achieve, since 
the frequency band for the digital signals l>ecomes the smallest, it is possible to make the sampling frequency smallest. 
The representation on the frequency axis is as shown in FIG.3, 

[0053] Next, D/A converters 705 and 706 convert the digital signals into analog signals. The components of refrain 
frequency of converted analog signals are eliminated in LPFs 707 arKl 708. 

75 [0054] Further, analog orthogonal modulation circuit 709 subjects these signals to the orthogonal modulation, BPF 
710 eliminates unnecessary frequency components from the orthogonal modulated signal, mixer 711 upconverts the 
resultant signal to the carrier frequency, and BPF 712 further eliminates unnecessary frequency components. 
[0055] In the case of a radio communication apparatus, the resultant signal si±>jected to conversion into the mufti- 
carrier frequency is amplified in an amplifier arxi then transmitted from an antenna. Further, in the case of a cable com- 

20 munication apparatus, the resultant signal subjected to conversion into the multicarrier frequency is amplified in an 
amplifier and then transmitted through a cable. 

[0056] In addition, the peak power detection method is the same as in the first and second embodiments. In the 
peak power detection method in the second embodiment, filters 124 to 127 are not needed. Further, the cateulation 
method for correction coefficient a and the correction method are also the same as in the first and second embodi- 
es ments. 

[0057] According to the above-mentioned processing, it is possible to make the power subjected to multicarrier 
combining smaller than the threshold level. It is thus possiljle to attenuate the peak power prior to the signal output, 
thereby enabling no use of the amplifier configured in such a manner that distortions are not generated therein when a 
large peak power level is inputted thereto. Further, the same power combining method with the orthogonal modulation 
30 is used for the transmission and the peak power detection. In other words, the processing is executed for the digital sig- 
nals, and therefore it is possible to detect the peak power conectly, and t>ased on the detected power, suppress the 
peak power. 

[0058] In addition, in the radio communication apparatus in this embodiment, by conecting the amplitude of the sig- 
nal to be inputted to the filter, it is guaranteed that the conrection of the amplitude does not provide adverse effects on 
35 frequencies. For example, the apparatus does not provide adverse effects on neighboring channel leak power and spu- 
rious power radiation which are essential as performance of a radio apparatus. 

(Fourth emtKxliment) 

40 [0059] FIG. 9 is a block diagram illustrating a configuration of a transmission apparatus according to the fourth 
embodiment of the present invention. In the transmission apparatus illustrated in FIG. 9. the zerol F processing is not 
executed. In addition, in FtG.9. the same sections as in FIG.8 are given the same symbols as in FIG.8 to omit explana- 
tions thereof. 

[0060] Delay circuits 101 and 102 delay nxdulated t>aseband signals to be transmitted with carrier frequency f1. 
45 Similarly, delay circuits 1 03 and 104 delay modulated baseband signals to be transmitted vnth carrier frequency f2. The 
delay time is set to correspond to a time required by the processing for calculating a conection coefficient to suppress 
a peak power level of envelop power. In addition, when the calculation time for the correction coefficient is adequately 
fast, it is not necessary to adjust the time in the delay circuits. 

[0061] The annplitude of each delayed signal is corrected respectively in correction circuits 105 to 108. The correc- 
so tion processing is explained later. The corrected signals are subjected to band pass processing in filters 1 09 to 1 1 2. The 
signals subjected to the band pass processing in filters 109 to 110 are subjected to the orthogonal modulation with car- 
rier frequency f 1 in orthogonal modulation circuit 701 . Further, the signals subjected to the band pass processing in fil- 
ters 11 1 to 1 12 are subjected to the orthogonal modulation with carrier frequency f2 in orthogonal modulation circuit 
702. Further, adder 801 adds the orthogonal modulated signals. The representation on the frequency axis is as shown 
55 in FIG. 10. 

[0062] Next, D/A converter 802 converts the added digital signal into an analog signal. BPF 710 eliminates unnec- 
essary frequency components, mixer 71 1 upconverts the resultant signal to the carrier frequency, and BPF 712 elimi- 
nates unnecessary frequency components. 
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10063] In the case of a radio communication apparatus, the resultant signal subjected to conversion into the multi- 
earner frequency is amplified in an amplifier and then transmitted from an antenna. Further, in the case of a cable com- 
munication apparatus, the resultant signal subjected to conversion into the multicarrier frequency is amplified in an 
amplifier and then transmitted through a cable. 

[0064] In addition, the peak power detection method is the same as in the first and second embodiments. In the 
case where the peak power is detected with the method in the second embodiment, filters 1 24 to 1 27 are not needed. 
Further, the calculation method for correction coefficient a and the correction method are also the same as in the first 
and second embodiments. 

[0065] According to the above-mentioned processing, the same power combining method with the orthogonal mod- 
ulation IS used for the transmission and the peak power detection. In other words, the processing is executed for the 
digital signals, and therefore it is possible to detect the peak power correctly, and based on the detected power, sup- 
press the peak power. Further, since it is possible to employ an orthogonal modulator with a band for a single carrier 
frequency, it is possible to configure the orthogonal modulator in expensive. 

[0066] In addition, the above-mentioned first to fourth emtjodiments explain the case where number of can^ier fre- 
quencies is two to simplify the explanation, however it may be possible to use any number as the number of carrier fre- 
quencies in the present invention. 

[0067] Further, in the above-mentioned first to fourth embodiments, the threshokl level may be adjusted con-e- 
spondmg to a modulation method and band pass method. Furthermore, in the case where the communicatron system 
IS the CDMA system, the threshold level may be adjusted corresponding to the nun*er of multiplexed codes Thus 
even in the case where filters are not used in the peak power detection method, it is possible to correctly estimate the 
peak power level generated between symbol points. 

[0068] The transmission apparatus of the present invention can be provided in a base station apparatus and a 
mobile station apparatus, and therefore can be used in radio communication systems in which radio communications 
are performed between the base station apparatus and the mobile station apparatus. 

[0069] As explained above, the transmission apparatus employing the peak power reduction method in the commu- 
nication system with a plurality of carrier frequencies according to the present invention, it is possible to attenuate the 
peak power prior to the signal output, thereby enabling no use of the amplifier configured in such a manner that distor- 
tions are not generated therein when a large peak power level is inputted thereto. 

[0070] In addition, according to the peak power reduction method of the present invention, it is possible to reduce 
the peak power wHhout generating unnecessary frequencies other than the frequency band. By reducing the peak 
power, it is possible to reduce the back-off in an amplifier. Accordingly, it is possible to make the size of the amplifier 
small. ^ 

[0071] This application is based on the Japanese Patent Application No.HEI10-119562 filed on April 28, 1998. 
entire content of which is expressly incorporated by reference herein. 

Industrial Applicability 

[0072] The transmission apparatus of the present invention is applicable to the base station apparatus and the 
nrrobile station apparatus in digital radio communication systems. 

Claims 

1 . A transmission apparatus comprising : 

peak power detection means for delecting respective peak power based on transmission signals with a plurality 
of carrier frequencies; 

peak power correction means for correcting the peak power prior to power combining when detected peak 
power exceeds a predetermined level; and 

combining means for confining transmission signals with respective carrier frequencies. 

2. The transmission apparatus according to claim 1 . further comprising: 

a filter for executing filtering processing on the transmission signal subjected to peak power con-ection. 

3- The transmission apparatus according to claim 1 . wherein said peak power detection means executes orthogonal 
modulation and addition holing carrier frequency iritervals at a frequency lower than a carrier frequency to calculate 
peak power. 
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4. The transmission apparatus according to claim 1 . wherein said peak power detection means has orthogonal mod- 
ulation means for executing zero IF modulation with a frequency of 0 Hz as a center. 

5. The transmission apparatus comprising: 

5 

a transmitter comprising: 

a filter for executing filtering processing on each of transmission signals with a plurality of carrier frequen- 
cies; 

10 combining means for combining the transmission signals subjected to the fiftering; and 

correction means tor correcting peak power prior to the f iltehng processing; and 

a peak power corrector comprising: 

15 peak power correction level calculation means for detecting respective peak power based on said trans- 

mission signals with the plurality of carrier frequencies, calculating a correction level based on detected 
peak power, and providing the correction level to saki correction means. 

6. The transmission apparatus according to d aim 5, wherein said transmitter has orthogonal modulation means for 
20 executing orthogonal modulation on an analog transmission signal. 

7. The transmission apparatus according to claim 5, wherein said transmitter has orthogonal modulation means for 
executing orthogonal modulation on a digital transmission signal. 

25 8. The transmission apparatus according to claim 5, wherein said peak power corrector has a fitter with a tap length 
shorter than that of said filter comprised in said transmitter. 

9. A base station apparatus provided with a transmission apparatus comprising: 

30 peak power detection means for detecting respective peak power based on transmission signals with a plurality 

of carrier frequencies; 

peak power correction means for correcting the peak power prior to power combining when detected peak 
power exceeds a predetermined level; and 

combining means for combining transmission signals with respective carrier frequencies. 

35 

10. A mobile station apparatus provided with a transmission apparatus comprising: 

peak power detection means for detecting respective peak pKwer based on transmission signals with a plurality 
of carrier frequencies; 

fo peak power correction means for correcting the peak power prior to power combining when detected peak 

power exceeds a predetermined level; and 

combining means for combining transmission signals with respective carrier frequencies. 

11 . A transmission peak power reduction method comprising the steps of: 

45 

detecting respective peak power based on transmission signals with a plurality of carrier frequencies; 
calculating a correction level when detected peak power exceeds a threshold level; 
correcting an amplitude of a transmission signal according to the correction level; and 
executing filtering processing on the transmission signal wrth a corrected amplitude. 

50 

12. The transmission peak power reduction method according to claim 11, wherein the threshold is adjusted corre- 
sponding to a modulation system. 

13. The transmission peak power reduction method according to claim 11. wherein the threshold is adjusted corre- 
55 spending to a band pass method. 

14. The ti-ansmission peak power reduction method according to claim 11, wherein a communication system is a 
CDMA system and the threshold is adjusted corresponding to the number of multiplexed codes. 
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5. The transmission peak power reduction method according to claim 1 1 . wherein the correction is executed on a 
transmission signal with the largest tap number of a filter 



16. The transmission peak power reduction method according to claim 11. wherein the correction is executed on an 
5 amplitude of a transmission signal having the largest result obtained by multiplying a sum of a product of an in- 

phase component of an orthogonal modulated transmission signal and an in-phase component of an orthogonal 
modulated filer outputted signal and a product of a quadrature component of the orthogonal modulated transmis- 
sion signal and a quadrature component of the orthogonal modulated filer outputted signal by a tap coefficient of a 
filter. 

10 

17. A radio communication method comprising the steps of: 



reducing a peak level of transmission power with the transmission peak power reduction method according to 
claim 1 1 to obtain a b>and-pass signal; 

executing orthogonal modulation on the band-pass signal with respective carrier frequency interval to obtain a 
zerolF signal; 

adding respectively in-phase components and orthogonal components of orthogonal modulated transmission 
signals to convert into an analog signal; and 

executing the orthogonal modulation on converted transmission signals with respective can-ier frequencies. 
1 8. A radio communication method comprising the steps of: 



reducing a peak level of transmission power with the transmission peak power reduction method according to 
claim 1 1 to obtain a band-pass signal; 

executing orthogonal modulation on the band-pass signal with respective carrier frequency interval to obtain a 
zerolF signal; 

adding modulated transmission signals respectively to convert into an analog signal. 
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